The intraocular pressure (IOP) in man is known to vary during general anaesthesia (Kornblueth, Aladjemoff, MIagora, and Gabbay, 1959), and the causes of such variations are numerous. Changes in the arterial carbon dioxide level have also been shown to produce observable changes in IOP, but most of these studies have been made in animals.
The intraocular pressure (IOP) in man is known to vary during general anaesthesia (Kornblueth, Aladjemoff, MIagora, and Gabbay, 1959) , and the causes of such variations are numerous. Changes in the arterial carbon dioxide level have also been shown to produce observable changes in IOP, but most of these studies have been made in animals.
The present investigation was designed to examine the effects of different end-tidal concentrations of carbon dioxide on the human IOP during general anaesthesia. Accurate measurements of IOP were made with a Perkins hand-held tonometer (Perkins, I965) in preference to a Schiotz tonometer which was used in most previous studies.
Material and methods
Ten otherwise healthy urological patients (9 male and I female, aged 24 to 75 yrs) were investigated.
Apart from the tonometric measurements, there was no further interference with the patient other than was required for the surgical operation. They gave no history of eye disease or recent ophthalmic symptoms and none had been taking drugs known to alter IOP. The nature of the investigation was explained to each patient and his written consent was obtained. The respiratory and cardiovascular states were stabilized by modifying the method of Samuel, Grange, and Hawkins (i968) , and substituting pancuronium for tubocurarine. Patients were not premedicated; anaesthesia was induced with thiopentone (5 mg.'kg.), pancuronium (o.i mg./kg.), and pethidine (I mg. kg.). The vocal cords wvere sprayed with lignocaine (io mg. 7 kg.) and a cuffed endotracheal tube was inserted. Ventilation was controlled with a Manley ventilator set at constant pressure with a constant gas flow of I5 l.'min. (N20 IO l.min. and 02 5 L./min.), to minimize the effect of changes in intrathoracic pressure. The patients lay supine throughout the investigation.
The end-tidal carbon dioxide concentration (FE'102) at the carina was measured by continuous sampling through a fine nylon catheter passed through the endotracheal tube mount. Samples were analysed by a Uras III infrared carbon dioxide analyser, the interference cells of which were filled with nitrous oxide to prevent overlap of the nitrous oxide and carbon dioxide absorption bands (Pierson, Fletcher, and Gantz, I956) . A fluorescein strip was applied to the conjunctiva and the IOP was measured with a Perkins hand-held applanation tonometer. In five patients a local anaesthetic (lignocaine 2 peI cent.) was instilled into the conjunctival sac and the IOP measured before induction of anaesthesia. At the end of the investigation chloramphenicol ointment was applied and the eye was closed with adhesive tape.
The blood pressure (BP) was measured with a von Recklinghausen oscillotonometer; the central venous pressure (CVP) by a saline manometer connected to a catheter passed through an antecubital vrein into the thorax; and the heart rate (HR) by palpation of a radial artery. 
Results
The results of the whole group are shown in chronological order in Table I O-OO i). The changes in heart rate and blood pressure were not significant and neither was the change in mean central venous pressure at the low readings. At the higher level of CO2 concentration, however, a significant rise in CVP accompanied the rise in IOP (P <o0o5) The mean value in the five patients in whom the IOP was measured before induction of anaesthesia was i6.4 mm. Hg (Normal range: I0 5-20* 5: Leydhecker, Akiyama, and Neumann, 1958 (-30-0) 3.5 ( -30-0) 3.5 (Duncalf and Rhodes, i963). This study was undertaken to determine whether the alteration of the level of carbon dioxide in the blood could be used as a further means of controlling the IOP. The levels chosen for study are often encountered during clinical anaesthesia. An end-tidal CO2 of 3 per cent. may occur during controlled hyperventilation with muscle relaxants; the 5 per cent. level is within the physiological range; and the 8 per cent. level may be found in patients spontaneously ventilating with halothane (Munson, Larson, Babad, Regan, Buechal, and Eger, I966) . It has been shown by Collier, Affeldt, and Farr (I955) that the arterial carbon dioxide tension bears a linear relationship to the readings obtained by end-tidal sampling using a rapid infrared carbon dioxide analyser.
Our observation that the end-tidal carbon dioxide concentration can alter IOP is supported by Adams and Barnett (I966) 5.5
6i. R. Samuel and A. Beaugie (I963) who carried out an investigation in dogs. In the latter study suxamethonium was used which is itself known to raise the IOP (Dillon, Sabawala, Taylor, and Gunter, I957; Schwartz and De Roetth, 1958) , and moreover animal work is not necessarily relevant to the situation in man, particularly because of differences in vascular anatomy (Wolff and Last, 196I) .
The various factors other than carbon dioxide which are known to influence the IOP under general anaesthesia are summarized in Table II . The study was planned in an attempt to keep unchanged as many of them as possible. Premedication and depolarizing relaxants were avoided. Pancuronium was used because it produces less cardiovascular disturbance than other non-polarizing relaxants (MlcDowell and Clarke, I969). The minute volume and inflation pressure were fixed to minimize changes in intrathoracic pressure, the inspired oxygen percentage was kept constant to avoid effects of oxygen on the blood vessels of the eye, and the position of the patient was stable so that the orbital venous pressure was not influenced by hydrostatic changes. All patients showed a marked fall in IOP when their end-tidal carbon dioxide percentage was reduced to 3 per cent. This reduction was statistically highly significant and in four of the patients the IOP was below the normal range (I O* 5-20 * 6 mm. Hg) (Leydhecker and others, 1958) . Such an acute change is probably not harmful to the normal eye, and indeed during surgery on the open eye the pressure is atmospheric. The effect of carbon dioxide on the IOP in the abnormal eye may be different and a further study is in progress.
The fall in IOP which was observed with reduction of end-tidal carbon dioxide concentration may be the result of vasoconstriction in the choroidal vessels, or of a decrease in aqueous formation, or a combination of both. Aqueous formation is controlled by the enzyme carbonic anhydrase which may be influenced by alterations in the circulating level of C02.
The rise in IOP which was observed resulted from a reversal of these effects. The significant change in CVP seen during this period of hypercarbia also causes a further increase in the IOP by decreasing aqueous drainage. These findings have implications in the selection of general anaesthetic technique.
Summary
The intraocular pressure in relation to different end-tidal carbon dioxide concentrations was investigated in ten patients under general anaesthesia utilizing a muscle relaxant (pancuronium bromide) and controlled ventilation with nitrous oxide and oxygen. In all patients the intraocular pressure was observed to rise as the carbon dioxide concentration was increased and then return to the initial level when the addition of carbon dioxide ceased. 
